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As part of the progrou for investigeting the applicability
of electrumetric ituchnics to the study of reaction kineties, the
one cormercialiy available high frequency oscillator circuit,
the Sargent [.¢del V Oucillometer, has been used to follow the
conversion by nydroxide ion of the noc:ial form of nitroparaffins
to the aci form, The compounds were studied in aqueous solution
at 25° in nillimcler concentration of sodium hydroxide and five=-
or ten-fold that concentration of nitroparaffin; the half-lives
varied from 0.3 %o 8.5 minutes, in wvhich range the progress of
the reaction could be followed by manual adjustment of the high
frequency oscillztore The latter is a five-megacycle capacitive
retune clrcult,

The rates of neutralizaticn of the six lower primary and
secondary nicroparaffins studied decrease in the following ordear;
nitromethane, nitroethane, lenitropropane, lenitrobutane, 2=
nitropropane anc¢ Z-aitrocbutane. The values of the second order i
reaction rate constonts are in agreement with those found for the
three lower nitroparaffins in nonbuffered solution at C® and 5°
by 1000-cycle conductivity mecsurements. Qualitatively, the

present results ur. in agireemont with those found for the four

Cy to 03 nizroparaffins by pelarozraphle measurement at 25° in
buffered solutlon, although the ratio of pseudo first order rate

constants diffar,
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APPLIC/TION CI' HIGH FREQULNCY OSCILLATORS.
RATES OF ISUTARALIZATICH (IIITR0=~ACI
CONVERSICN) OF liIL.OPAIAFVINS

Philip J. Clving and Julian Lakritz
University of iiichigan, Ann Arbor, hichigan

One of the objectives of OLR Project !lo. NR 051-318 is the
investigation of the applicability of high frequency {megacycle
range) oscill:ztor circuits to the measurement of reaction rates,
The generzl prohlem of the apglicability of such experimental
arrangencnts to reaction rate measurzment was discussced in Tech-
nical Report lo. 3 of the project, which report will be published
in a forthcoming volume on the 1954 Faraday Socliety Discussion on
rapid reaction rates (2)s Studles involving one typical example
nf the necessary instrimentation and the measurement of the rates
of hydrolysis of the lower alliphatic esters and of the esters of
the three chloroacetic acids have been described in Technical
Reports llos. 11, 12 and 13 of the antecedent Project, NR 055«211,
which studies have been published (J).

The gencral applicability of high frequency oscillators to
organic chenistry was summirized in Technical ieport Noe. 5 of
Project lio. IR 055«211, which was published as part of the report
on a discussion of such oscillators {(l). A consideration of the
use of such oscillators in organic analysis is now in preparation.
Current work on megacycle frequency oscillators is indicated in
the quarterly Status .eports prepared on Project No. NR 051-318.

One of the specific aims in the objective cited at the begin=-
ning of this report is the possible utilization of commercially

avallable megacycle frequency oscillators in rate measurement.
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Investigation of such ~>p)licability is highly desirable if organic
and physical chemists are to avail themselves of high frequency
oscillator circuits. The necd of constructing one's own equipment
would undoubtedly serve as & detcrrent for many people to the use
of megacycle oscillators in at least some of the situations where
such measuring devices could be of service. At present, the only
comnercially availlable suitable instrument is the liodel V Oscillo-
meter manufacturcd by Be He Sirgent and Co.; Beckman Instruments,
Inc., apparently does not intend %o »ut on the market at preseﬂt
the high frequency titrator which has been in development for a
number of years, An Lastern apparatus company and supply house
expects to put on the market in December, 1954, zn oscillator which
it has had in d evelopment,

The prescent report descrilbes the application of the Sargent
iiodel V Oscillemeter to following the conversion of nitroparaffins
to the aci form, Tilhe roates under the experimental conditions used
were such that the course of rcacticn could be followed by manual
speration of the measuring apparatus. It is unfortunate that a
meclianical defect in the instrwacnt caused the results to have less
than the maximum precision possible; the final results, though,
seem satisfactorye.

The prcesent work shows that investigations of certain types
of ionic reactions whosc halfelives are of the order of 20 seconds
or longer can be carried out by means of the Sargent llodel V
Oscillometer without the use of recording devices,

In the present report certain itcms, e.ge, the 0acillometer
itself and the conversion of experimental measurements to kinetie

caliy useful data, have been treated in greater detail than they
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would be in a paper subnitted for journal publication., It is

planned to abstract from this report a cuitable scicentific paper.

NEUTRALIZATION OF LITROPARAFFINS

The primary and secondary nitroparaffins have long been
classified as pseudo acids on the basis of their relatively slow
reaction in alkaline solution to form anions whiich are usually

called the acl forms of the nitrcparaffins:

R R,CHNO, + OH = RyR,CHO, + H,0 (1)
The reaction is generally considered as a necutralization; the
mechanism ¢f the reaction 1s discussad in references 5, 7 and 9.

The rates of conversion of the normal to the aci f orms have been

investigated for the lower nitroparaffins:under a variety of

ST et

condit ions,

HMaron and Laller {5) used 1000-cycle frequency conductivity
measuremenss to follow the neutralisciieon at 0® and 5° C. of
0.003 to 0.040 I solutions of nitromethane, nitroethane and 2-nitro-
propane in water and in deuterium oxide to which an equivalent
quantity of barium hydroxide or dcuteroxide was added. The rese
triction to low temperatures was necessitated by the speed of the
reaction auv the concentritions enployeds. These investigators
thoroughly reviewed previous work. Subsequently, Pearson (1)
studied h,; a similar conductorktric teciinique the rates of neu=-
tralizztion of nitroethane by am.onia :nd mnethylzmines at 0° and
5°, Turnbull and !laron (9), usiug potentiorctric measurenments,
determined the ionlzation gowetants of the nuraz) and acl forms of
nitromscthane, nitroethane and 2=nitropropane. I1iller, Arnold and

Astle (6) studied polarographically the neuvraiizaticn at 25° of

~'D
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nit romethane, nitroetlane, and l- and 2-nltropropane by following
the conversion of “he reducible normzl form to the polarographi-
cally nonereducibl: cei fourm:; these workers used buffered.solutions
which were 1 nillimolar in nitroparzffin,

It was, as previously indicated, the goal of the present ine
vestigation to attempt to exte..d thz uvse of high frequency onscilla-
tors to the study of the kinelices of the neutralization of nitroe
paraffins by wmeans of the onw commercially available instrument,
the Sargent liodel V Oscillometer, Such an investigation is possible
because of the large chonge in the conductivity of the solution
as the reaction ol equation {1l) takes place, and hydroxide ion is
replaced Ly the anion represerting the acl form of the nitroparaffin.
If ;e assumz that equivalent conductances do not change over the
range of icnle concentrations cncountered in an experiment (as ﬁas
agsumed oy Pesrson and others for higher concentrations than those
used in the present studies), the changes in the reaction repree
sented by equation (1) cam be wriiten in terms of ﬁeasured items
whick arc lincer funetions of corductance,

Specifically, the present invsstigation covers reaction rate
studies on the neutrcllizatior ol six C, to Ch nitroparaffins; the
rates decrease in the folluwing oarder: nltromethane, nitroethane,
l-nitropropanc, l~nitrobut2ne, Z=nitropropene and 2-nitrobutane.
This is in accord with the findings of liiller, arnold and Astle
(€) who followed the similar reaction of the four lower nitro=
paraffins in buffered solutions. The data for nitroethane and

2-nitropropare is in good agrecement with that of liaron and Laller

(5)
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EXPLRIMENTAL

Chemicals. The six nitro compounds studied had a :olfr purity
of at least 99.9 as determined nass spectrometrically (see Table
I), and were furrnished by Dr. John A. Riddick of the Commercial

Solvents Corperation. Solutions of 0.0l Y nitroparaffin were pre=

pared bty weighing out the relatively volatile liquid from a modified

medicine droppeirs To minimize furtihcr any loss due to evaporation,
the mouth of the volumetric flask was covered with a sheet of
glassine povider paper which was perforated to admit the tip of

the dropper. The flask was then filled to the nark with carbon
dioxide~frea distilled water, proepared by boiling distilled water
for 10 mirutes and allowing 1t Lo cool to rocm tempecrature in a
capped bottle. The 0.0l IM sodium hydroxide solution was prepared
from a saturated rodium hydroxide solution which was diluted with

carbon dioxide-free water to the desired concentration. The zlkae

line solution was then standardized against reagent grade potassium

hydrogen phthalats and was stored in a polyethylene bottle.
Oscillator. The high frequency oscillator used in these ex-
periments was the Sargent [lodel V OUscillometer which operates at
a frequency cf about 5 megacycles. Unfortunately, the specific
instrument used had a certain instability in the power supply;
the - cause was not discovered until the work was completed; syse
tematic drifts varyiné in direction of approximately 1 unit per
minute werc present. ‘It is ostimated that these drifts were
responsible for a probable measurement error of about 3 per cent.
The instrument is of the capacitive retune type, i.e., the sample

cell is in parallel with calibrated condensers in the five-megae

cycle rosonant circuit. A ciiange in the sample couposition produces

,
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a charge in the frequznczy of the circult; the latter can be restored
to the resonant fréquency by addinz or removing capacitance with
the calibrated condensers.

Basically, the circuit consistc ol a se.ies arrangement of a
stable cathode coupled oscillator, an amplifier, a discriminator
and a vacuum tube volimster (VIVM). The auplifier serves to isolate
the oscillator, cc well as to auplify eand limit the input voltage
tc the discrimina%or. The discriminator is insensitive to ampli-
tude clhianges of the signal voltage wihicn it feeds to the VI'VII cir-
cuit; the latter isolztes the galvanometer from the discriminator.

A regulated power supply is pert of the inztrument.

The capacltance~reasuring array consists of & variable cone-
denser and a series of fixed condeasers, giving a range of thirtye
two thousand scale uﬁits. The sensitivity of the instrument is
about one scale unit which corrcsponds to 2 cuange of approximately

0,005 mmf,

The basis whereby such a capacitance=-mzasuring instrument can
be used to measure conductance, :apnéiﬁance or a cc:moosite ¢f both
effects is indicated in rcference 2.

The capacltancs cells used were of the large size "gitration”
type furnished by the Sargcnt Company and hsd a capacity of about
160 ml., The cell is bagically an amnular spass LDetween two
coaxial metallic eylindars vhich are sealed to glass ¢ylinders;
the dielectric in the space cousists of the sanple and of the two
cylindrical glsss walls betwezn the plates and sample. Elsctrical
connection between the coll plates and cell=holder is by means

of spring contacts.

- ———"
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A detailed :icchianical & elccurizal ceuscription of the instrue
ment and its celis is given in a puvlication of the Sargemt Company
(2).

Constant Temperature ;oicxngenente The cell and cell-holder

were mairtoined ot a2 tenperatwe of 25,020.,2°C. by placing them in

a constant tenmpurature alir bath, S;;ugeh% f03h§y§in§r1c31 vessel
wanich wac open at the top; a circular opening near the vase pernit-
ted the insection of the coaxial calle which connectens the cell and
cell«~holder to the Oscillometer. Th2 top of the air uath was covered
with a circvlar disk of polystyrene foam; the opening around the
coaxial cable wac plugsed with glass weol. ‘ater from an extornal
constant temper:iture buth, maintained at 25.0%0.1°C., was circulated
through the air bath.

Apparatus Correctione. It iras noticed that when certain fixed

condengers wer:2 reaoved from the ricasuring ciicuit in the course of
taking readings that there was a sharp discontinuity in the plot
of Ct’ the instrumont reading, ve. time. A corrective factor, estie
mated froem this graph, was cdded to all readings which followed the
break in the curve. This reluted all values to the same standard.
Justification for such action can be found in the fact that all data
collected in the region involving the same set. of fixed condensers
required ep roximately the samc correction at the point of discone
tinuity. Very precise calibration was impossible becausc of an
inherent drift in the instrument which resulted from the fault in
the power supply previously mentioned.

Procedure. Defore the actual samples were run, it was necessary
to deternaine cover what range of concentration the ilnstrument reading

was & lisear function of concentration. Dilution experiments
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indicated the latter to te tiue 2s Ilong as the sodium hydroxide
concentration did not cxceed 0,001 e

In an actual experiment, 100 ml of O.Qéi‘g nitroparaffin solue=
tion was pipetted into a 125-ml. Srlenmeyer flask ivhich was stoppered
and suspended in the constant temperature bath (25.020.,1°C.) for
15 ninutes in order to reach temperature equilibrium., This solution
was then nmixed with 10 al. of 0.01 1 base. To insure adequate
nmixing, the resnlting soluticn ras poured twice between the vessels,
A clock was started the instent the nitro compound and the base
were nixed. The reacting sclution was then transferred to a capa=-
citance cell wiuich was stoppered with a cork covered with aluminum
foil, and which was placed in the cell=holder located in the air
bath. ileadings were taken at l5=-sccond intervals until the reaction
was complecte; the first rcading was usually taken vithin 30 seconds
of mixing the reactants. TFor rcactions which rcached equilibrium
slowly, rcadings were taken for the first ten ninutes and then the
solut. on was returned to the constant temperature bath where it was
allowed to remain for ssveral hours until equilibrium was reached,

The ccuilibrium reading was then recorded.

DISCUSSION

Basis for the Calculations., If a large excess is taken of one

of the rcactonts, c.ge, the nitro compound, so that its concentration
remains essentially constant, then the recaction which occurs can be
considered as pseudo first order (see Equation (1) ), and the fole
lowing familiar expression applies:

F--x (a-x (2)

where {(a -« x) is the concentration of the reacting speclies present

x- 4
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in smaller zmount (oririnal concentration = a) et any time t. and
k' is the pscudo first order reaction rate constant,
Integrating equation (2) results in
1n (& = x) = k' t + C (3)

If
(8 = x) = K (Cy= C,) (4)

where K is a proportionality constant, Ce is the instrument response
to the conductance at any time, t, and Ca is the instruaent response
to the conductance at infinite time, then

c, =kt [on7]y + k" [Ruo,J (5a)

and
Cc, =K' [PHT _ +xm RRNoyT (5b)

a
where le']t and BNOéjt are tihe concentrations of hydroxide ion and
of nitroparaffin anion at time t; K' and K" are proportionality
constants cuch that the instrument rosponses due to the conductances
of hydroxide ion and niyroparafiin are K' [0H”] and K" [RNG,"]
g ’
respectively; stec. Therefore,
Cg = C, =Kt ( fouTly - fou7], ) + k" ( Rnoy, - [RNOz']a ) (6)
Since
[RNOZ.]& =l N {OH-]t (7)
where "a" is the initial [OH"], equation (6) can be changed to
Cy = G, = (K' = k") ( foHTly - [ou7] ) (8)
Equation (8) indicates that if the assumptions made are valid,
(C, = C,) is a functicn only of the concentrations of the Lydroxide
ion at time t and at infinite time. If we work in the range where
the instrument response is a linear function of the concentration,
then (Ct - Ca) is linearly related to the change in concentration

of the hydroxide ion at those respective times,
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From equations(3) and (4), it follows that
InkK (Cp ~C ) = =k' t +C (9)

and
log (Cy - C) == (k*/2.3jt + C? (10)

Consequently, a plot of log (Ct - Ca) against & should give a
straight line whose slope is equal to « k'/2.3, If k'/2,3 is
multiplied by (2.3/concentration of the substance in excess), the
second order reaction rate constant can be obtained,

The gencral derivation of equations for the correlation of
physical properties with concentration, of which the foregoing is
a specific example, is considered by Frost and Pearson (4).

Treatment of Data, Data for a tyrical run are given in Table

II. Vhen (Ct - Ca) is plotted cn the logarithmic ordinate of a
semilog graph against time, a curve of the type shown in Figure 2
is obtained. The slope of this line, «0.933, can be used to cale
culate the pseudo first order reaction "ate constant by equation
(10)s

1

‘00933 min. = - k' /203 (11)

The half-life can then be obtained from the expression for a first

order reaction

ty2 = %’3 (12)

as 0,323 min. The second crder reaction rate constant, k, is

related to the pseudo first order constant by
k' = k (concn. of species in excess) (13)

The species in excess in this case is the nitroethane; hence,

k = 2,303 X =57y X yoiorgy = 235 L. moles™) min”l (14)

I o
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¥Y¥inetic Data. A sunnary of the data for the six nitroparaffins

studied, including pscudo first orcer rate constants, calculated
second order rate constaonts, 2nd half-lives, is given in Table III,
The average deviations of the means of the ~econd ordcr rate ccn-
stants range from 0.6 to 4.9 with only one average deviation
exceeding 2.1,

Effect of Possible Reverse deaction. The present mathematical

treatment which is essentially bhascd on a simple first order reac-
ticen and does not make explicit allcwance for the effect of opposing
reactions, is strictly valid only for reactions here the equili-
brium point of the reaction of equation {1) lles so far to the right
that seconlary =ffects become negligible, V/ith this in mind, the
slopes of the curves have been calculated from the initial values
S0 as Lo overcome as mach as possible the influence of the reverse
reaction.

However, it is wel) known {p. 173 of refcrence L) that when
the eguilibrium concentration ig explicitly introduced in the cale
culations, a first order exprassion is observed for a reversible
reaction with the effective rate conotant being the sum of the
constsnts for the forward and reverse directions,

It is possible to estimate, at least qualitatively, the effect
of the reverzse reaction on the specific reactions studied,

Miller, irnold and Astle (6), using polarographic measurements,
found the ratios of the nitro to the aci forms at equilibrium at
pH 8.9 to be 0.71, 0.20, 0.42, and 0.78 for nitromethane, nitroethane,
l-nitropropane and 2=-nitropropane, respectively. At this pH, our

reactions should theoretically have gone 9% to completion. In

e
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the present calculutions »n nitromethane, where the half-life is of
the order of 20 seconds and the equilibrium peint is ap»rzarently une
favorable, it 1s possible that the raverse reaction played an impors
tant part. The unfavorable influence of reverse reactions on the
ratcs of nitroethane and l-nitrcpropane, which are almost as rapid

as the nitromethane, is off-set, at least in part, by their more
favorable =cuilibrium pointse. DBecause of the lack of data, we can
only surmise that the same holds true for the l-nitrobutane as for
the nitroethane and the l-nitropropane. The conscquencaes of the une
favorable equilibrium point of Z2e~nitropropane are considerably ree
duced by the fact that the calculations are bascd upon the first 2

to 3 minutes of the reaction; thc half-=life of this process is about
Lo.5 minutes, and, hence, secondary effects arc probably small. Even
though no data are available on the equilibrium point of 2-nitrobutane,
the same argurent probably holds since the nalfeiife of this reactioun
is ap roximately 8.5 ninutec, and orce again the calculations were
based on the firct 2 to 3 wminutes of the reacticn. The values

for the couilibrium ratios of nitro to aci forms given hy iiiller,
Arnold and /.stle may be higher than they should bel; if this were

80, the effacts of the reverse reactions would be even less than

discussed in this paragraph,

lTherc is a pos:ible source of error in the polarographic mea-

surements on the nitroparaffin-aci form equilibrium due to the re-
generation of the normal form from the aci form at the electrode-
solution interface during the life-time of the mercury drop as the
normal form is removed by reduction. This effect has been observed
with othcr acid-anion systems, e.g., Brdicka and Wiesner, Collection

Czechoslov. Chem. Coiuuns...12, 138 (1947).
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Evaluation cf the lesults. Cualitativesly, the rcsults are in

agreement with those of ililler, i/rnold and Astle (6), for the four
compounds which they stﬁdied. The other two conmpounds studied in
the presemt investigation seem to fall into their logical places;
the rates decrcase in the following order: nitromethane; nitroethane,
l-nitropropane, l-nitrobutane, 2-nitropropane and 2-nitrobutane.
Since i‘iller, irnold and istle carried out their rcactions at
considerably higher ionic strength and in bufi'ered solution at con-
stant pH, it is not surprising that the present data does not agree
quantitatively with theirs, TI'or example, at 25°C., for 2-nitrop:ro=-
pane, l=nitropropane, nitroethane and nitromethane, they find for
the pseudo first order rate constants, taking that of 2-nitropropane
(0.,0081 mino'l) as unity, the ratio of 1.00: 1.73: 2.72: 2,22 in a
buflfered solution of pil 8.9 a2s coipared Lo a ratio of 1.00: 10.5:

12.7: 14,7 found in the precent study (extension of the latter ratio

" to the l-nitrobutane and 2-nitrobutane measured in the present study

is 10.2: 0.&83{ k' for 2-nitropropane = 0,0295 min.'l). Duplication
of their work was not feasible since the high i&nic strength re-
quired for the maintenance of a buffered solution was not permissible
with our measuring device. Attempts to run the reactions at lower
concentrations but within the boundaries imposed by the donductivity
of the soluticn., were not successful; the rates were so slow that
their determination was not practical,

A more pertinent conmparison for the present results would be
with those of lMaron and LaMer (5), who also worked in unbuffered
solution. Their ratio of the second order rate constants for 2e
nitropropane, nitroethane and nitromethane at 0°C. is 1.,0: 18:

114, as compzared to the ratio found in the present study at 25°C,
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of 1.0: 14: 63, Maren and Laller give values of the second order
rate constant et 0° and 5° for 2-nitropropane and nitroethane;
calculation of the rate constants at 25° by the Arrhenius equation
gives values of 19.4 and 253. In view of the uncertainty in the
activation energy valuc based on a differcnce of 5%, these values
arc in good accord with those feund at 25° in the present study,
i.e., 16.4 and 236,

The precision of the results obtained in the present study
indicate that the Sargent :.odel V Oscillometer can be used advane
tagecusly fcor studying the kinetics of moderately rapid reactions
in solutiors of low ionic strength that are not hindered by une
favorable cquilibria,

Ip future work, it would be desirable to attempt to apply the
Oscillometer to (a) a nonaqueous system where capacitance changes
rather than conductance changes were being measured, and (b) a
sufficiently rapid reaction that the data would have to be recorded

on a recording potentiometer or an oscillographe

ACKIOU/LEDGMENT
The authors would like to thank the Office of lNaval Research
which supports the project, of which the work herein described 1is
a part. They also want to express their gratitude to E. ll. Sargent
and Company for the loan of the ilodel V Oscillometer and to Dr.
John A. Riddick of the Commercial Solvents Corporation who supplied
the nitroparaffin samples studied.

LITERATURE CITED

(1) Blaedel, 'J. Jo, Burkhalter, T, S., Flom, D.G., Hare, G. and
Jcnsen, F. W. Anal. Chem., 24, 198 (1952).,

.

!

.{

-

I



- —

| 2

_Fj"“ |

g
»

(2)
(3)

(&)
(5)
(6)

(7)
(8)

(9)

Elving, P. J., Faraday Scc. Olscussions, in press,

Flom, D. C., and Tlving, P. J., Anal., Chemn., 25, 541, 544
546 (1953)." ’ iehe S S Rice Bt

Frost, /.. A., and Pearson, Re G., "Kinetics and liechanism®,
Mew Yerk, John Wiley and Sons, 1953, pp. 28«29 and 35«=37.

Maron, S. M., and LaMer, V. K., J. Am. Chem. Soc., 60, 2588
(1938]. =

ldller, Eo %., Arnold, P. A,, and istle, M. Js, Jo Am. Chem,
S0Cae, 29_’ 3971 (1914’8)0

pearson’ R.- G., ibids’ 70’ 2024» (191&3)0

Sargent znd Co., F. H., "Sclentific Apraratus and ilcthods"
5, vWinter Issue, 1 and 4, {1951=1952).

Turnbull, D., and licron, S. He, J. Am. Chem. Soc., 65, 212
(1943),

—————ee e e e __Vr




Table I.

g

Purity of the [itroparaffins Used As

Determined by Mass 3pectrometry?

Impurities present, mole-%b

Compound EHBNOZ GszNOZ 1-03H7H02 2—C3H7N02 1'C4§9N°2 2-Cbﬂ9N02

CH3N02
02H5N02
1~C3H7N02
Z-CBH7N02
1-0h89N02

2-ChﬁgN02

100.0
0404
0.01
0.00
0,00

0.00

0.00

99.7

0.0

(X NN ] ""0005 oesocee
XX XN/ 00211) sovsae
99.98 0.00

0.00 10C.0

®oe 09 003-6 cede D

eovee ”Ooolb seeece

o000 0.00 LA N B N N

So000 0 0.01 L N N X

o000 0000 co 0O OO

dee00ee 0000 [N NN K ]

160,00 -

- 100,0

8pata furnished by Dr. Riddick of tha Commercial Solvents Corp., who
furnished the samples,

bNegative values are duse to the fact that the samples are purer than
the standards used in calibrating the mass spectra,
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Table II. UNevtralization of Nitroethane:
Data fur a Typical Experiment
Time, Oscillometer
min. Units (Ct)
0.50 24,727
0.75 L5
1.00 254
l.25 167
1.50 117
1.75 085
2,00 067
2.25 055
2.50 052
2.75 349
3.00 Ol
3.25 CLO
3.50 -
3.75 -
L,00 039

688
376
215
128
78
46
28
16
13
10

a




A

Compound
and conen.

mM

nitrometharne

2,419

nitroethane
9.143

l-nitropronzane

9.199

2=nitropropans

9.573

l-nitrobutane
0,105

2=nitrobutane
9.309

Table IIl.

NaCH

concne

0.514

0.919

Q,95¢

0.95¢

kt/2.303

min .—1

1.08
1.07

0.972
0.910

0.933

t1/2

min.

Le72

,&051
le22
Lelly

0.382
0.415
0,397
0.394

030000 03
c o o & o
) O\ \n
WE~NO O

Rate Data for the Conversion of
Hitroalkanes to the Ac¢i Form

Second order rate
constant, k

1. mele L min~L
1032
1020
Ave. 1026 & 6 (Ooé%)
244
229
235
Ave 236 £ 5 (2,19)
193
194
197
Av. 195 L2 (100}3)
15,
15.
16,0
17.2
17.5
Ave 1604 2 0.8 (4.9%)
199
184
191
193 :
Av, 192 % 4 (2.19)
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